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(54) Fuel-heating type fuel injection apparatus for internal combustion engine 



(57) The present invention relates to a fuel-heating 
type fuel injection apparatus, at the startup of the engine 
(1), able to prevent fuel-attaching on the wall of the in- 
take passage (34) and eliminate hydro carbons in the 
exhaust. 

A fuel-heating type fuel injection apparatus has a 
main intake passage (34) for supplying air into cylinders 



of the internal combustion engine (1). The main passage 
(34) is equipped with a throttle valve (15) and a bypass 
passage (35) for bypassing the throttle valve (15). On 
idling operation, when the intake air flows through the 
bypass passage (35), the airflow rate is controlled by 
using the-throttle valve (15), and the airflow is given a 
swirling force. The swirling airflow is heated mixing with 
fuel and fed into an internal combustion engine (1). 
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Description 

BACKGROUND OF THE INVENTION 

(Field of the Invention) 

[0001 ] The present invention relates to a fuel injection 
apparatus equipped with a fuel injection valve which in- 
jects fuel to an airflow bypassing a throttle valve, heats 
the fuel-air mixture with a heater, and sends it to an in- 
take passage (pipe) or cylinders and an internal com- 
bustion engine equipped therewith. 

(Prior Art) 

[0002] U.S. Pat. No. 5,482,023 discloses a cold-start 
fuel control system comprising a cold start fuel injector, 
a heater, and an idle speed control valve (hereinafter 
abbreviated as the ISC valve). This system causes a 
part of air from the ISC valve to mix with fuel injected 
from the cold-start fuel injector. The fuel from the cold- 
start fuel injector is, being mixed with air from the ISC 
valve, fed into a series of cylindrical heaters lined up in 
the downstream side of the cold-start fuel injector. The 
fuel is vaporized while passing through the heaters and 
mixed with air flowing through the main intake passage 
at the exit of the heater unit. 

[0003] Such a cold-start fuel control system is also 
disclosed in U.S. Pat. No. 5,598,826 and U.S. Pat. No. 
5,894,832. This system provides the ISC valve on the 
subsidiary passage which bypasses the throttle valve, 
generates a swirl flow by air metered by the ISC valve, 
and mixes the swirling air flow with fuel injected by the 
cold start injector. 

SUMMARY OF THE INVENTION 

(Problems to be solved by the Invention) 

[0004] Each of the above conventional systems pro- 
vides an ISC valve in a subsidiary passage which by- 
passes a throttle valve, generates an air swirl by air flow- 
ing through the ISC valve, and causes fuel to attach to 
the inside of cylindrical heaters in a subsidiary passage 
or main passage to vaporize ft. 

[0005] The conventional system requires compo- 
nents such as an intake subsidiary passage and an ISC 
valve, etc. This makes the system composition compli- 
cated, increases its production cost and further makes 
it harder to be installed on the engine. 
[0006] An object of the present invention is to provide 
a heating type fuel injection apparatus without an ISC 
valve, which is mounted separately from a primary fuel 
injection valve near a cylinder (or an intake port) of the 
internal combustion engine or from a primary fuel injec- 
tion valve for supplying directly into a cylinder. It works 
to mix fuel injected by a secondary injection valve with 
air, when the engine requires its working at a start-up of 
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the engine etc, heats the fuel-air mixture by a heater, 
and feeds the heated mixture to the cylinder. 
[0007] Another object of the present invention is to 
provide a heating type fuel injection apparatus which en- 
5 able to improve the start-up and combustion character- 
istics of the internal combustion engine and reduces 
emission of hydro carbons (abbreviated as HC) in the 
exhaust gas. 



[0008] To accomplish at least one of the above ob- 
jects, the present invention provides the system to reg- 
ulate a mass airflow on idling by controlling the opening 
of a throttle valve. The regulated air is fed bypassing the 
throttle valve to the downstream side of the throttle 
valve, and then given a swirling force by a rectifying 
plate or deflection blades etc. at the exit facing to an 
intake passage. A swirling airflow generated by it is fur- 
ther mixed with fuel injected from the secondly fuel in- 
jection valve, and at least one part of the fuel-air mixture 
is heated by a heater provided in the intake passage. 
[0009] As another means to accomplish the objects, 
the present invention provides the system to regulate a 
mass airflow on idling by controlling the opening of a 
throttle valve like above means, and then lead the reg- 
ulated idle air to the downstream side of the throttle 
valve through a fuel-air mixture chamber. The fuel-air 
mixture chamber is equipped with a fuel injection valve 
and a rectifying member or a swirling means to give a 
swirling force to the airflow which comes into the cham- 
ber. 

[0010] As still another means to accomplish the ob- 
jects, As another means to accomplish the objects, the 
present invention provides the system to regulate a 
mass airflow on idling by controlling the opening of a 
throttle valve like above mentioned, and lead the regu- 
lated idle air to the downstream side of the throttle valve 
through a fuel-air mixture chamber. 
[0011] The fuel-air mixture chamber is equipped with 
a heater to heat the fuel-air mixture in addition to above 
mentioned fuel injection valve, the rectifying member or 
the swirling means. Further, by using a plurality of fuel- 
air mixture passages, the fuel-air mixture chamber and 
an intake port of each cylinder in engine are connected. 
[0012] The basic means common to the above inven- 
tions, in a fuel injection system, mixes fuel with airflow 
supplied from an air inlet opened in the upstream side 
of the throttle valve at the idle opening position, heats 
the fuel-air mixture with heaters and supplies the heated 
mixture to the intake passage in the downstream side 
of the throttle valve. Wherein, the opening of the air inlet 
is controlled by a motor which drives the throttle valve 
in a fuel injection system. 

[0013] The present invention also updates the com- 
position of the internal combustion engine. The fuel in- 
jection apparatus of the present invention can comprise 
an air inlet in the inner wall of an intake passage (pipe 
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etc.) in the upstream side of a throttle valve when the 
throttle valve is located on the idle opening position, a 
fuel-air mixture chamber which meets the intake pas- 
sage in the downstream side of said throttle valve, af uel 
injection valve which supplies injected fuel to the fuel- s 
air mixture chamber, an air swirling element to give a 
force to make the swirling air flow in the fuel-air mixture 
chamber when the air flows into the fuel-air mixture 
chamber, a heater in the inner wall of the fuel-air mixture 
chamber to heat at least one part of the swirling mixture 10 
in the fuel-air mixture chamber, a plurality of fuel-air mix- 
ture passages that connect said fuel-air mixture cham- 
ber and the inlet port of each cylinder of the engine, and/ 
or anotherfuel injection valve which is different from said 
fuel injection valve in each of the intake ports or cylin- is 
ders 

[0014] Further, concrete fuel injection units of the 
present invention are described in claims 6 and 7. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[0015] 

Fig. 1 is a schematic block diagram of the fuel in- 
jection unit which is a first embodiment of the 25 
present invention and an internal combustion en- 
gine therewith. 

Fig. 2 is a schematic block diagram of the fuel in- 
jection unit which is a first embodiment of the 
present invention in which the throttle valve is fully 30 
closed. 

Fig. 3 is a detail view of the section P in the fuel 
injection unit of Fig. 2. 

Fig. 4 is a detail view of the section Q in the fuel 
injection unit of Fig. 2. 35 
Fig. 5 is a schematic block diagram of the fuel in- 
jection unit which is a first embodiment of the 
present invention in which the throttle valve is fully 
opened and airflows through the system. 
Fig. 6 is a detail view of the section R in the fuel 40 
injection unit of Fig. 5. 

Fig. 7 is a detail view of the section S in the fuel 
injection unit of Fig. 5. 

Fig. 8 is a cross-sectional view of the swirler in the 
fuel injection unit which is a first embodiment of the *s 
present invention. 

Fig. 9 is a cross-sectional view of another swirler in 
the fuel injection unit which is a first embodiment of 
the present invention. 

Fig, 10 is a schematic block diagram of the fuel in- so 
jection unit which is a second embodiment of the 
present invention 

Fig. 11 is a schematic block diagram of the fuel in- 
jection unit which is a third embodiment of the 
present invention 55 
Fig. 12 is a schematic.block diagram of the fuel in- 
jection unit which is a fourth embodiment of the 
present invention and an internal combustion en- 
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gine therewith. 

Fig. 13 is a schematic block diagram of the fuel in- 
jection unit which is a fourth embodiment of the 
present invention in which the throttle valve is fully 
opened and airflows through the system. 
Fig. 14 is a detail view of the section R in the fuel 
injection unit of Fig. 13. 

Fig. 15 is a detail view of the section S in the fuel 
injection unit of Fig. 13. 

Fig. 16 is a schematic block diagram of the fuel in- 
jection unit which is a fourth embodiment of the 
present invention 

Fig. 17 is a detail view of the significant section R 
in the fuel injection unit of Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODEMENTS OF THE INVENTION 

[0016] Below will be described the basic composition 
of the present invention referring to drawings of embod- 
iments. In the description of embodiments, like refer- 
ence numerals in figures represent the same or similar 
elements. 

1) A swirling element (swirler 40) is provided in an 
air passage (auxiliary air passage 3&). The air pas- 
sage 35 introduces air metered by a throttle valve 
15 from the upstream side of the throttle valve 15 
to the downstream side of it bypassing the throttle 
valve 15. The swirler 40 is to give a swirling force 
to the airflow. The swirling airflow is sent to the main 
passage (main intake passage 34). A fuel injection 
valve (a secondary fuel injection valve 1 9) is to in- 
ject fuel to the swirling air. A heater 50 is provided 
on the innerwall of the intake passage to heat the 
fuel contained the swirling air-fuel mixture. (See Fig. 
2, Fig. 5, and Fig. 16.) 

2) Another basic composition provides a fuel-air 
mixture chamber 80 in the air passage (auxiliary air 
passage 35) which introduces air from the upstream 
side of the throttle valve 15, in the idle opening po- 
sition, to the downstream side of it bypassing the 
throttle valve 15. Further the fuel-air mixture cham- 
ber 80 is equipped with a fuel injection valve 19, a 
rectifying member (swirling element or swirler 40) 
for giving a swirling force to the airflow in the fuel- 
air mixture chamber 80, and heaters 50 for heating 
the swirling fuel-air mixture, (See Fig. 13.) 

3) Still another basic configuration comprises an air 
inlet (an opening 36 at the entrance of an auxiliary 
air passage 35) in the inner wall of an intake pas- 
sage in the upstream side of a throttle valve 15 
when the valve 15 is located on the idle opening 
position, a fuel-air mixture chamber 80 which meets 
the intake passage (intake port 14) in the down- 
stream side of the throttle valve 15, 

an air passage (auxiliary air passage 35) which 
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connects the air inlet 36 and the fuel-air mixture cham- 
ber 80, a fuel injection valve (a secondary fuel injection 
valve 1 9) which injects fuel to the fuel-air mixture cham- 
ber 80 ( a rectifying member (swirling element or swirler 
40) provided in the exit of the air passage (auxiliary air 
passage 35) to give a swirling force to the airflow (flow- 
ing from the air passage (auxiliary air passage 35)) in 
the fuel-air mixture chamber 80, and heaters 50 provid- 
ed in the inner wall of the fuel-air mixture chamber 80 to 
heat at least part of the swirling fuel-air mixture in the 
fuel-air mixture chamber 80. This system can do away 
with the ISC valve and a subsidiary passage for the ISC 
valve, and facilitates installation of the fuel injection unit 
in the engine room. 

[001 7] This simplified composition of the fuel injection 
system enables integrated installation of the system on 
the throttle valve body or intake passage. Further it is 
possible to mount a part of the system (e.g. auxiliary air 
passage, mixing chamber, or swirling element) in a body 
on the throttle valve body or intake pipe. 
[001 8] The basic items common to the above plurality 
of inventions is to control the opening of the air inlet (an 
opening 36 at the entrance of the auxiliary air passage) 
by a motor 10M which drives the throttle valve 15 in 
above mentioned heating type fuel injection system. 
The system mixes fuel with airflow supplied from the air 
inlet (an opening 36 at the entrance of the auxiliary air 
passage) opened in the upstream side of the throttle 
valve 15 at idling operation. The fuel-air mixture is heat- 
ed with heaters and supplied to the intake passage 
(main intake passage 34 or intake port 14) in the down- 
stream side of the throttle valve. 
[0019] The internal combustion engine of the present 
invention comprises an air inlet (an opening 36 at the 
entrance of the auxiliary ar. passage) in the inner wall 
of an intake pipe (main intake passage 34) in the up- 
stream side of a throttle valve 15 when the valve 15 is 
located on the idle opening position, a fuel-air mixture 
chamber 80 which meets the intake passage (intake 
port 1 4) in the downstream side of said throttle valve 1 5, 
a fuel injection valve (a secondary fuel injection valve 
19) which supplies injected fuel to said fuel-air mixture 
chamber 80, an air swirling element (a swirling element 
or swirler 40) to give a force to make an air swirl in the 
fuel-air mixture chamber when the airflows into said fu- 
el-air mixture chamber 80, a heater in the inner wall of 
said fuel-air mixture chamber 80 to heat at least one part 
of the swirling mixture in said fuel-air mixture chamber 
80, a plurality of fuel-air mixture passages 75 that com- 
municate said fuel-air mixture chamber and the inlet port 
(an intake port 14) of each cylinder of the engine, and 
another fuel injection valve (a primary fuel injection 
valve 1 8) which is different from said fuel injection valve 
(a secondary fuel injection valve 19) in each of the intake 
ports or cylinders. (See Fig. 12.) 

[0020] Further, below will be described the detailed 
composition of a fuel-heating type fuel injection unit 
which is an embodiment of the present invention. 
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[0021] A fuel-heating type fuel injection unit compris- 
es a main intake passage 34 which supplies air into cyl- 
inders (combustion chambers 2) of an internal combus- 
tion engine, a body (electronically-controlled throttle 

5 body 10) having a throttle valve 15 in the main intake 
passage 34, a fuel injection valve (a secondary fuel in- 
jection valve 19) which injects fuel into the main intake 
passage 34, and a means (heater 50) which vaporizes 
fuel in the main intake passage 34. Further, the said f uel- 

10 heating type fuel injection unit is equipped with an air 
passage (auxiliary air passage 35) which flows air from 
the upstream side of the throttle valve 15 to the down- 
stream side of it measuring by the throttle valve 1 5. The 
air passing through the air passage is introduced into 

is the main intake passage 34 and mixed with fuel injected 
from the fuel injection valve (a secondary fuel injection 
valve 19). 

[0022] An another fuel-heating type fuel injection unit 
comprises a primary fuel injection valve 18 which injects 

20 fuel into cylinders (combustion chambers 2) of an inter- 
nal combustion engine, a main intake passage 34 which 
supplies air into the cylinders (combustion chambers 2), 
a body (electronically-controlled throttle body 10) 
equipped with a throttle valve 1 5 which regulate the flow 

25 rate of air flowing through this main intake passage 34, 
a bypass passage which connects the main intake pas- 
sage 34 in the upstream side of the throttle valve 15 and 
the main intake passage 34 in the downstream side of 
it, a secondary fuel injection valve which injects fuel into 

30 the bypass passage, and means (a fuel-air mixture 
chamber 80, a swirling element 40, and heaters 50) 
which vaporize fuel injected into the bypass passage (an 
auxiliary air passage 35), wherein the bypass passage 
(an auxiliary air passage 35) is formed as an internal 

35 passage in a single unit with the body (electronically- 
controlled throttle body 1 0) and contains a swilling ele- 
ment (a swirler) 40 which gives a swirling force to air 
flowing through the bypass passage (an auxiliary air 
passage 35). 

40 [0023] The embodiment will be described in detail be- 
low with reference to the accompanying drawings. 
[0024] The first embodiment of the present invention 
will be described referring to Fig. 1 to Fig. 9. 
[0025] Fig. 1 is a schematic block diagram of the 
whole spark ignition type internal combustion gasoline 
engine equipped with a fuel injection apparatus of the 
present invention. 

[0026] The internal combustion engine 1 has, in each 
combustion chamber 2, a spark plug 3, an intake valve 

50 4 to take in air, an exhaust valve 5 to discharge exhaust 
gas after combustion. The engine 1 is equipped with a 
water temperature sensor 7 on the side of the combus- 
tion chamber 2 to sense the temperature of the engine 
cooling water 6, and a rotation sensor (not shown in the 

55 figure) to sense the rotational speed (running status) of 
the engine. 

[0027] The intake system to feed air to the combustion 
chamber 2 comprises an air flow sensor 31 which meas- 
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ures the flow rate of air taken in through an air cleaner 
9 and a motor 10M which is driven in synchronism with 
the operation of the throttle pedal by the driver or the 
running status of the internal combustion engine 1 . The 
rotary shaft 16 of the throttle valve 15 is driven by this 
motor 1 0M to electrically control the flow rate of the in- 
take air 38. The opening of the throttle valve 1 5 is meas- 
ured by a throttle position sensor 11 and controlled in a 
feed-back manner to match the measured opening with 
the target value. Further the intake system comprises a 
collector 12, an intake pipe 13 which branches from the 
collector to each cylinder of the internal combustion en- 
gine 1 , and an intake port 14 having an intake valve 4. 
[0028] The controller 17 receives information of the 
flow rate of the intake air 8 and the opening of the throttle 
valve 15 respectively from the airflow sensor 9 and the 
throttle position sensorl 1 . The controller uses this infor- 
mation to detect and control the running status of the 
internal combustion engine 1 . 

[0029] The fuel injection unit comprises a primary fuel 
injection valve 18 and a secondary fuel injection valve 
19. The primary fuel injection valve 18 is mounted on 
the intake port 1 4 in the downstream side of the collector 
12 to inject fuel to the intake valve 4 of each cylinder. 
[0030] The secondary fuel injection valve 1 9 is a com- 
ponent of the intake control unit 20. Its composition will 
be explained later. 

[0031] The fuel system comprises a fuel tank 22 for 
storing fuel 21 , a fuel pump 23 for pressure-delivering 
fuel 21 from the fuel tank 22, a fuel filter 24, a pressure 
regulator 25 for regulating the pressure of the pressure- 
delivering fuel 21 to a predetermined pressure, a prima- 
ry fuel injection valve 18 for injecting fuel to the intake 
port 14 of each cylinder, and a secondary fuel injection 
valve 1 9 for supplying fuel 21 to the downstream side of 
the throttle valve 1 5. These components are connected 
with fuel pipes 26. As the secondary fuel injection valve 
1 9 works to supply fuel only afterthe engine started (af- 
ter the engine is started by the starter), it requires fuel 
afterthe rotation of the fuel pump becomes substantially 
practical. Therefore, the secondary fuel injection valve 
1 9 is connected to a place which is furthest from the fuel 
pump in the fuel pipe 26 namely closest to the pressure 
regulator 25. Thereby, the fuel from the fuel pump may 
be first supplied to a plurality of primary fuel injection 
valves 18 which are operated at the startup of the en- 
gine. This eliminates operation lags of the primary fuel 
injection valves and irregular injection rates of fuel. 
[0032] The exhaust system mainly comprises an ex- 
haust port 27 of each cylinder equipped with an exhaust 
valve 5, an exhaust pipe 28, an oxygen concentration 
sensor 29 for measuring the concentration of oxygen, 
in the exhaust, a three-way catalytic converter 30 for pu- 
rifying the exhaust, and a sound muffler (not shown in 
the figure). The information on the concentration of ox- 
ygen from the oxygen concentration sensor 29 is sent 
to the controller 17 and used to detect and control the 
running status of the internal combustion engine 1 . The 



three-way catalytic converter 30 highly eliminates NOx, 
CO, and HC in the gas exhausted from the internal com- 
bustion engine 1 which is running at a theoretical air- 
fuel ratio. 

5 [0033] In the above configuration, the combustion 
chamber takes in a mixture of intake air 32 and fuel in- 
jected from the fuel injection valves 18 and 19, com- 
presses it, and fired to explode by the spark plug 3. The 
exhaust gas 33 from the internal combustion engine 1 

w j S discharged to the atmosphere through the exhaust 
system. 

[0034] Below will be explained the composition of the 
intake control unit 20 referring to Fig. 2 to Fig. 7. 
[0035] The intake control unit 20 contains a cylindrical 
15 main intake passage 34. The main intake passage 34 
has a throttle valve 15. When the throttle valve 1 5 opens, 
the upstream and downstream sides of the throttle valve 
open together. The throttle body 1 0 that forms the main 
intake passage 34 has an auxiliary air passage (bypass) 

20 35 which connects the upstream and downstream sides 
of the throttle valve. The opening 36 at the entrance of 
the auxiliary air passage 35 is formed to match with the 
peripheral edge 37 of the throttle valve 1 5 along the in- 
ner periphery of the main intake passage 34. When the 

25 throttle valve 15 is fully closed, or to minimize the flow 
rate of air from the throttle valve 15, the opening 36 at 
the entrance of the auxiliary air passage 35 is closed by 
the peripheral edge 37 of the throttle valve 15 as illus- 
trated in Fig. 2, Fig. 3 and Fig. 4. Fig. 3 and Fig. 4 are 

30 respectively the magnified views of the area in a dotted 
circle of Fig. 2. To increase the mass air flow from the 
throttle valve 1 5, the throttle valve 1 5 is rotated around 
the rotary shaft 16. As the throttle valve 15 rotates, the 
area of the opening 36 at the entrance of the auxiliary 

35 air passage 35 increases until it comes to the position 
indicated by Fig. 5. When the throttle valve 15 rotates 
further, the airflow area of the main intake passage 34 
increases, but the area of the opening 36 at the entrance 
of the auxiliary air passage 35 remains unchanged. 

40 [0036] A swirling element (hereinafter abbreviated as 
a swirler) 40 is provided in the downstream side of the 
auxiliary air passage 35 to give a swirling force to the 
airflow. The airflow made swirling by this swirler 40 is 
introduced into the main intake passage 34 from the exit 

45 41 of the auxiliary air passage. The composition of the 
swirler 40 will be explained later. 

[0037] A secondary fuel injection valve 1 9 is provided 
in the downstream side of the exit 41 of the auxiliary air 
passage. The secondary fuel injection valve 19 injects 

so fuel into the main intake passage (mixing space) so that 
the injected fuel may be mixed up with the swirling air- 
flow which is fed into the main intake passage 34 from 
the exit 41 of the auxiliary air passage. 
[0038] A heater 50 made of a heating element to va- 

55 porize the fuel is provided in main intake passage 34 in 
the downstream side of the exit 41 of the auxiliary air 
passage. In this embodiment, the heater 50 is provided 
just afterthe injection-position of the secondary fuel in- 
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jection valve 19 (or in the downstream side with respect 
to the air flow in the main intake passage 34). 
[0039] The heater 50 comprises a plurality of plate- 
like heating elements which are disposed cylindrically 
on the inner wall of the main intake passage 34. The 5 
heater is a positive temperature coefficient thermistor 
(PTC) which keeps the temperature constant by rapidly 
increasing its electric resistance when the temperature 
goes over a predetermined value and reducing the cur- 
rent which passes through the heater. 
[0040] Next, the structure of the swirler 40 will be ex- 
plained below referring to Fig. 5 and Fig. 9. The swirler 
40 is provided in a passage 38 which connects the aux- 
iliary air passage 35 and the main intake passage 34. 
Its exit is arranged to deliver air to the main passage. 
Fig. 9 shows the sectional view of the swirler 40 mount- 
ed in the inner periphery of the main passage. In details, 
a plurality of wing-like swirling blades 42 are disposed 
on the whole inner periphery of the intake pipe to let air 
flow from the outer peripheral opening 43 of the swirling 
blade 42 to the inner peripheral opening 44. As the air 
flows along the surface of the swirling blade 42, the air 
swirls as indicated by a swirling flow 45 along the inner 
surface of the main passage when driven way from the 
inner peripheral opening 44. Further the diameter of the 
inner periphery opening 44 is made greater than the in- 
ner diameter of the main passage so that the air flows 
in the main intake passage 34 may not receive a resist- 
ance. 

[0041] The fuel 46 injected from the secondary fuel 
injection valve 19 is mixed with the swirling air 45 and 
becomes a swirling fuel-air mixture 46. Thanks to the 
centrifugal force by the swirling air 45, the fuel-air mix- 
ture 46 is swirlingly delivered while being pushed 
against the inner wall of the main in .uke passage 34. 
Thereby, injected fuel 46 may be evenly in contact with 
the inner wall of the cylindrical heater and swirlingly 
move along the inner surface of the heater by the swirl- 
ing air 45. The cylindrical heater 50 heats the fuel at- 
tached on the inner wall of the heater, and vaporizes it. 
The vaporized fuel is mixed up with the intake air into a 
fuel-air mixture 48 and sent to the collector 1 2. The fuel- 
air mixture 48 is then sent to the intake manifold 13 in 
the downstream side of the collector 12 and finally sent 
to the combustion chamber 2. 

[0042] As the fuel-air mixture 48 which contains the 
vaporized fuel is supplied to the combustion chamber 2, 
the combustion can be stabilized. Further it is possible 
to delay the ignition timing (ignition retardance) more 
than usual particularly until the expansion stroke, keep- 
ing the combustion stabilized. When an ignition is made 
in the expansion stroke, the ratio of expansion of the gas 
in the combustion chamber becomes less and the heat 
consumed by the expansion of the gas becomes less. 
Consequently, hot combustion gas can be directly sent 
to the exhaust pipe. This can generate a hot exhaust 33 
in the exhaust pipe 28 and enable the three-way cata- 
lytic converter 30 to warm up and become activated ear- 



lier. The activated three-way catalytic converter 30 re- 
moves toxic substances such as HC which generate in 
combustion from the exhaust 33 in the exhaust pipe 28 
and sends the purified exhaust to the open air through 
a sound muffler (not shown in the figure). 
[0043] Next, the air flowing through the intake control 
unit 20 will be explained below. The intake air 8 is intro- 
duced from the entrance of the auxiliary air passage 35 
to an intermediate passage38. The entrance of air pas- 
sage 35 is formed by the outer peripheral edge 37 of the 
throttle valve 15 and the opening 36. The intermediate 
passage 38 interconnects with the swirler 40. The intake 
air 8 is made to swirl in the swirler 40, and delivered to 
the main intake passage 34. In this case, the swirling 
airflow 45 coming out from the swirler 40 should prefer- 
ably be a uniform flow over the whole periphery of the 
main intake passage 34. This is because the fuel inject- 
ed from the secondary fuel injection valve 1 9 can be va- 
porized more efficiently when the fuel is evenly attached 
to the whole inner wall of the heater. To make a uniform 
swirling airflow over the whole periphery of the main in- 
take passage 34, it is necessary to make the air (it flows 
out from the inner openings 44 of the swirling blades 42) 
an identical flow velocity. However, as the throttle valve 
15 is circular and rotates around a shaft perpendicular 
to the flow through the cylindrical main intake passage 
34, the open area of the opening 36 at the entrance of 
the auxiliary air passage does not vary proportionally, 
and the peripheral area of the opening does not vary 
evenly. To make air pass evenly through spaces among 
swirling blade 42 of the swirler, this embodiment makes 
the peripheral cross-section of the intermediate pas- 
sage 38 irregular. In other words, the cross-section of 
the intermediate passage 38 is made smaller at a posi- 
tion which is further from the rotary shaft 16 (at which 
the opening 36 at the entrance of the auxiliary air pas- 
sage has a greater open area) and wider at a position 
which is closer to the rotary shaft 16 (at which the open- 
ing 36 at the entrance of the auxiliary air passage has 
a smaller open area)(See Fig. 8). 
[0044] The peripheral cross-section of the intermedi- 
ate passage between the auxiliary air passage 35 and 
the swirler 40 need not be always irregular as described 
above. It can be uniform as illustrated in Fig. 9. 
[0045] In accordance with this embodiment, the open- 
ing 36 at the entrance of the auxiliary air passage is 
formed to match with the rotating orbit of the outer pe- 
riphery edge 37 in the upper half of the main intake pas- 
sage 34 of Fig. 5, that is, at a place where the throttle 
valve 15 moves toward the advance of the intake air 
(see Fig. 6 for details). This can always minimize an air 
leak from the clearance between the outer peripheral 
edge 37 of the throttle valve 1 5 and the inner wall of the 
main intake passage 34 while the throttle valve 1 5 is ro- 
tating in the area of the opening 36 at the at the entrance 
of the auxiliary air passage. With this, almost all intake 
air 8 can be directed to the auxiliary air passage 35. 
[0046] Contrarily, in the lower half of the main intake 
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passage 34 of Fig. 5, that is, at a place where the throttle 
valve 15 moves away from the advance of the intake air 
(see Fig . 7 for details) , the periphery edge 37 of the throt- 
tle valve is made to be parallel with the outer periphery 
(37a) and the opening 36 is formed to match with it at 5 
the entrance of the auxiliary air passage. Further, the 
outer periphery edge 37b adjoining the parallel section 
37a of the outer periphery edge 37 of the throttle valve 
is formed to have the same shape as the orbit of the 
outer periphery edge.when the throttle valve 1 5 rotates. 10 
In this configuration, when the throttle valve 15 is fully 
closed, the opening 36 at the entrance of the auxiliary 
air passage is closed by the parallel section 37a of the 
outer periphery edge 37 and the mass airflow is limited. 
While the throttle valve 15 is rotating towards a prede- 15 
termined position, the open area of the opening 36 at 
the entrance of the auxiliary air passage varies as the 
throttle valve rotates. 

[0047] Further, in accordance with this embodiment, 
air is fed to the auxiliary air passage 35 only when the 20 
internal combustion engine 1 is idling. The suitable ro- 
tation of the throttle valve to the mass airflow required 
for the idling combustion is about 5°. Therefore, the 
opening 36 at the entrance of the auxiliary air passage 
is so designed for controlling within this rotation (5°) of 25 
the throttle valve. When the throttle valve 15 turns fur- 
ther (over 5°), the main air passage starts to open and 
the intake air starts to flow downstream of the throttle 
valve 15 in the main intake passage 34. In other words, 
when the engine is not idling or when the engine runs 30 
with the throttle valve 1 5 full open, the intake air can be 
delivered to the combustion chamber 2 without any air 
resistance in the main air passage. 
[0048] The intake control unit of the above-described 
composition can optimize the mass air flow required for 35 
combustion while the internal combustion engine 1 is 
idling by electronically-controlling the throttle valve 15, 
deliver from the upstream side of the throttle valve 15 to 
the downstream side through the auxiliary air passage, 
make the air flow swirl by the swirler 40, and introduce 40 
the swirling air flow into the main intake passage 34. 
[0049] In accordance with this embodiment, an auxil- 
iary air passage 35, a swirler 40, a secondary fuel injec- 
tion valve 1 9, a heater unit 50 are assembled in a single 
unit on an electronically-controlled throttle body 1 0 con- 45 
taining a throttle valve 15. This can be easily mounted 
on and demounted from an intake manifold having an 
intake passage in the upstream side and a plurality of 
intake pipes in the downstream side. In other words, as 
a significant device pertaining to startup and exhaust so 
characteristics of an internal combustion engine can be 
mounted as a single unit on the internal combustion en- 
gine, it can make assembling, adjustment, and mainte- 
nance of the internal combustion engine easier. 
[0050] Fig. 10 shows a fuel injection unit which is a 55 
second embodiment of the present invention. 
[0051] Below will be explained differences between 
first and second embodiments. The electronically-con- 



trolled throttle body 10 containing a throttle valve 15 is 
provided separately from a single integrated unit 60 con- 
taining a secondary fuel injection valve 19 and a heater 
50. This single integrated unit 60 mounted between the 
electronically-controlled throttle body 10 and the intake 
manifold 1 3 having a collector 1 2 on a vehicle. The swirl- 
er 40 is provided opposite to the single integrated unit 
60 of the electronically-controlled throttle body 10. 
[0052] The other composition of this embodiment is 
the same as that of the first embodiment and its expla- 
nation is omitted here. 

[0053] In accordance with this embodiment, the elec- 
tronically-controlled throttle body 1 0, the single integrat- 
ed unit 60, and the intake manifold 1 3 having the collec- 
tor 12 are separately mounted and demounted. This 
makes their maintenance simpler and easier. 
[0054] Fig. 11 shows a fuel injection unit which is a 
third embodiment of the present invention. 
[0055] Below will be explained differences between 
first and third embodiments. An electronically-controlled 
throttle body 1 0 and a heater 50 are assembled in a sin- 
gle unit and mounted on an intake manifold 13 having 
a collector in its downstream side. The heater 50 is pro- 
jected into the internal air passage of the integrated in- 
take pipes from a place at which the integrated unit 60 
and the collector 12 are joined. In this case, the unit to 
which the integrated unit 60 is mounted is not limited to 
the collector. The integrated unit 60 can be mounted on 
the intake manifold 13. 

[0056] In accordance with this embodiment, the heat- 
er 50 is projected into the integrated intake pipes. This 
can reduce the longitudinal length of the main intake 
passage 34 and make the fuel injection unit smaller. In 
other words, the fuel injection unit can be mounted on 
and demounted from a vehicle more easily. 
[0057] Next, a fourth embodiment of the present in- 
vention will be described below referring Fig. 1 2 through 
Fig. 15. 

[0058] The main difference between the first and 
fourth embodiments (see Fig. 1) is that an intake sub- 
sidiary passage 70 is provided to interconnect the up- 
stream and downstream sides of the throttle valve 15 as 
a bypass and that the heater 50 for vaporizing fuel in- 
jected from secondary fuel injection valve 19 and the 
swirler 40 for giving a swirling force to the injected fuel 
are provided in the intake subsidiary passage 70 instead 
of the main intake passage 34. The other composition 
of the fourth embodiment is the same as that of the first 
embodiment and its description is omitted here. 
[0059] The intake control unit 80 contains a cylindrical 
main intake passage 34. The main intake passage 34 
has a throttle valve 15. When the throttle valve 1 5 opens, 
the upstream and downstream sides of the throttle valve 
interconnect with each other. The electronically-control- 
led throttle body 10 which forms the main intake pas- 
sage 34 has an auxiliary air passage 35 which intercon- 
nect the upstream and downstream sides of the throttle 
valve 1 5. An intake subsidiary passage 70 is formed on 
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the outer periphery of the main intake passage 34 in par- 
allel therewith. This intake subsidiary passage 70 con- 
nects the auxiliary air passage 35 with the intake port 1 4. 
[0060] The opening 36 at the entrance of the auxiliary 
air passage is formed to match with the rotating orbit of 
the outer periphery edge 37 of the throttle valve 15 in 
the upper half of the main intake passage 34 of Fig. 13, 
that is, at a place where the throttle valve 1 5 moves to- 
ward the advance of the intake air (see Fig. 14 for de- 
tails). 

[0061] Contrarily, in the lower half of the main intake 
passage 34 of Fig. 13, that is, at a place where the throt- 
tle valve 1 5 moves away from the intake air (see Fig. 1 5 
for details) : the inner wall of the main air passage is 
formed to match with the rotating orbit of the outer pe- 
riphery edge 37 of the throttle valve and to satisfy the 
range between the full closed status of the throttle valve 
1 5 and the maximum open area of the opening 36, at the 
entrance of the auxiliary air passage. In this range, an 
air leak from the clearance between the outer peripheral 
edge 37 of the throttle valve 1 5 and the inner wall of the 
main intake passage 34 is minimized. Therefore, while 
the throttle valve 1 5 is rotating in the area of the opening 
36 at the at the entrance of the auxiliary air passage, 
almost all intake air 8 can be directed to the auxiliary air 
passage 35, that is, to the intake subsidiary passage 70. 
[0062] A swirler 40 is provided in the downstream of 
the auxiliary air passage 35 to give a swirling force to 
the airflow. The airflow passing through the swirler 40 is 
made to swirl and delivered to the intake subsidiary pas- 
sage 70. The configuration of the swirler 40 is the same 
as that of the first embodiment and its description is 
omitted here. 

[0063] The intake subsidiary passage 70 is cylindrical 
and a cylindrical heater 50 is provided on part of the in- 
take subsidiary passage 70 in the downstream side of 
the swirler 40. 

[0064] In the downstream side of the heater 50, the 
intake subsidiary passage 70 runs along the main intake 
passage 34 to the exit near the primary fuel injection 
valve 1 8 bypassing the collector 1 2 and the intake man- 
ifold 13 (in the downstream side of the collector 12). The 
intake subsidiary passage 70 need not always run to the 
vicinity of the primary fuel injection varve 18. For exam- 
ple, it can run to connect with the collector 1 2 or with the 
intake manifold 13. 

[0065] A secondary fuel injection valve 1 9 is provided 
in the upstream side of the swirler 40. The fuel injected 
from the secondary fuel injection valve 1 9 is mixed with 
the swirling air 45 coming from the swirler 40 in the 
downstream side of the valve 19, and attached to the 
inner wall of the heater in the downstream side. The at- 
tached fuel is further delivered on the inner wall of the 
heater by the swirling flow 45 and vaporized by the heat- 
er during this delivery. The vaporized fuel is mixed up 
with the intake air into a fuel-air mixture 48 and sent to 
the intake port 1 4 through the subsidiary intake passage 
70 and finally to the combustion chamber 2. 



[0066] As this embodiment uses a subsidiary intake 
passage 70 different from the main intake passage 34 
to vaporize fuel and send the fuel vapor to the internal 
combustion engine 1 , the heater 50 need not be provid- 

5 ed in the main intake passage 34. Therefore the longi- 
tudinal length of the main intake passage can be re- 
duced and the fuel injection unit can be mounted on the 
vehicle more easily. Further it can be united with an elec- 
tronically-controlled or non-electronicalfy-controlled 

10 throttle body. In this case, the air passage between the 
auxiliary air passage 35 and the swirler 40 can be 
formed in the throttle body 1 0 or in the intake control unit 
80. Therefore, no additional outside pipe is required to 
provide the auxiliary air passage 35 and the configura- 

15 tion of the fuel injection unit can be made simple. This 
can reduce the production cost and installation steps of 
the unit. 

[0067] Next will be explained a fifth embodiment of the 
present invention. 

20 [0068] In the first to fourth embodiments, the mass air- 
flow to the swirler 40 can be maximized by minimizing 
the air leak from the clearance between the outer pe- 
riphery edge 37 of the throttle valve 15 and the inner 
wall of the throttle body 10. For this purpose, the outer 

25 periphery edge 37 of the throttle valve 15 must be so 
formed as already described in embodiments 1 to 4. 
Substantially, however, it is not always necessary to 
maximize the mass airflow to the swirler 40 . As indicated 
by Fig. 16 and Fig. 17, the throttle valve 15 of this em- 

30 bodiment is a simple disk and no particular means is 
employed to minimize the clearance between the outer 
periphery edge 37 of the throttle valve and the inner wall 
of the throttle body 1 0. Substantially, however, the rota- 
tion of the throttle valve 15 is small and the clearance 

35 between the outer periphery edge 37 of the throttle valve 
and the inner wall of the throttle body 1 0 is small enough. 
In other words, this embodiment can also introduce al- 
most all intake air to the auxiliary air passage 35. 
[0069] Further, in this embodiment, the auxiliary air 

40 passage is provided on the upper half above the center 
shaft 16 of Fig. 16. The inner wall of the throttle body 10 
is straight cylindrical before and after the throttle valve 

15 in the lower half of Fig. 1 6. As already described, the 
air leak from the clearance between the outer periphery 

45 edge 37 of the throttle valve and the inner wall of the 
throttle body 10 is small also in this configuration. To 
increase the mass air flow to the auxiliary air passage 
35, the inner wall of the throttle body 1 0 below the shaft 

16 of Fig. 16 should be formed as described in the fourth 
so embodiment. This concentrates the intake air to the up- 
per half (above the shaft 16) and subsequently increas- 
es the mass air flow to the auxiliary air passage 35. 
[0070] In accordance with this embodiment, as the 
throttle varve 15 is made of a simple disk, the throttle 

55 valve 15 can be manufactured in less steps and, as the 
result, its production cost becomes less. 
[0071] The embodiments of the present invention are 
enumerated below. 
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1) A fuel injection apparatus of claim 6, wherein a 
swirling element is provided to give a swirling force 
to an airflow which is introduced into the main intake 
passage through the throttle valve. 

2) A fuel injection apparatus of claim 6 , wherein the s 
mass air flow is metered by the rotation of the throt- 
tle valve. 

3) A fuel injection apparatus of claim 6 wherein the 
mass airflow is regulated only by the rotation of the 
throttle valve and the whole mass air flow is required 10 
by the idling internal combustion engine. 

4) A fuel injection apparatus of claim 6 wherein the 
flow passage area of the air passage through which 
air flows, the entrance area of the air passage, or 

the exit entrance of the air passage is not even in '5 
the peripheral direction. 

5) A fuel injection apparatus of claim 6 wherein the 
direction of fuel injection towards the swirling ele- 
ment is not along the movement of the airflow in the 
main intake passage. 20 

6) A fuel injection apparatus of claim 6 wherein fuel 
is injected towards the downstream side of the swirl- 
ing element instead of along the movement of the 
airflow in the main intake passage. 

7) A fuel injection apparatus of claim 6 wherein fuel 25 
is injected along the swirling direction of the swirling 
airflow. 

8) A fuel injection apparatus of claim 6 wherein fuel 
is injected in any other direction than along the swirl- 
ing direction of the swirling airflow. 30 

9) A fuel injection apparatus of claim 6 wherein the 
throttle valve body, the fuel injection valve, and the 
unit to vaporize injected fuel are assembled in a sin- 
gle unit with the swirling element there between. 

10) A fuel injection apparatus of claim 6 wherein 35 

a surge tank for the intake manifold integrating 
section is provided in the downstream side of 
said fuel injection valve and said fuel vaporizing 
unit to distribute fuel to each cylinder of the in- *o 
temal combustion engine, 
a single unit of said the fuel injection valve and 
said fuel vaporizing unit is mounted on said 
surge tank, and 

the swirling element is provided between said 45 
surge tank and said throttle valve body. 

11) A fuel injection apparatus of claim 6 wherein 
said fuel vaporizing unit is mounted so as to be pro- 
jected into the surge tank. so 

12) A fuel injection apparatus of claim 6 wherein the 
airflow passing through the throttle valve is intro- 
duced into the main intake passage in parallel with 
the airflow in the main passage. 

13) A fuel injection apparatus of claim 6 wherein the 55 
mass air flow moving through the bypass passage 

is regulated arbitrarily from the outer periphery of 
the throttle valve. 



1 4) A fuel injection apparatus of claim 7 wherein the 
section between the branch towards said bypass 
passage in the upstream side of the throttle valve 
and said fuel vaporizing unit is assembled in a sin- 
gle unit on said body including the air passage. 

[0072] Further, these embodiments are characterized 
in that the mass airflow towards auxiliary intake passage 
35 is controlled by the throttle valve 15 driven by the 
motor 10M. For this purpose, the mass airflow is me- 
tered to satisfy the quantity of air required to retain the 
idle rotation. At the same time, the quantity of fuel is reg- 
ulated to retain the idle rotation. The quantity of fuel is 
determined by a target opening signal from the throttle 
valve. 

[0073] In the embodiment of Fig. 12, the fuel-air mix- 
ture is sent to the intake port 1 4 of each cylinder through 
a plurality of branched fuel-air mixture passages 75. 
[0074] This can prevent fuel in the fuel-air mixture 
from being held in the surge tank and eliminate a timing 
lug of fuel to enter a target cylinder (because of a stall 
in the surge tank). 

[0075] Subsequently, the concentration and quantity 
of the fuel-air mixture can be regulated for each cylinder. 

(Effects of the Invention) 

[0076] From the foregoing, it can be seen that the 
present invention provides a fuel-heating type fuel injec- 
tion unit which can be easily and quickly mounted on a 
vehicle. Further, when combined with an electronically- 
controlled throttle, the fuel-heating type fuel injection 
unit can omit the ISC valve. This can reduce the produc- 
tion cost and installation space of the system. 
[0077] Further, this invention can provide an internal 
combustion engine having a function of supplying a re- 
quired quantity of fuel-air mixture when required. 



Claims 

1. A fuel-heating type fuel injection apparatus used for 
an internal combustion engine (1), said fuel injec- 
tion apparatus comprising: 

an air inlet (36) in the inner wall of an intake 
passage (34) in the upstream side of a throttle 
valve (15) when said throttle valve (1 5) is locat- 
ed on the idle opening position, 
an air outlet in the inner wall of an intake pas- 
sage (34) in the downstream side of said throt- 
tle valve (15); 

an air passage connecting said air inlet (36) and 
said air outlet, 

a rectifying member (40) provided on the exit of 
said air passage to give a force to make a swirl- 
ing air flow in said intake passage (34) when 
the air flows from said air passage to said intake 
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passage (34), 

a fuel injection valve (1 9) for feeding the inject- 
ed fuel to said swirling airflow, and 
a heater (50) in said intake passage (34) to heat 
at least one part of said injected fuel. 5 

2. A fuel-heating type fuel injection apparatus used for 
an internal combustion engine (1), said fuel injec- 
tion apparatus comprising: 

10 

an air inlet (36) in the inner wall of an intake 
passage (34) in the upstream side of a throttle 
valve (1 5) when said throttle valve (1 5) is locat- 
ed on the idle opening position, 
a fuel-air mixture chamber (80) which meets an *5 
intake passage (34) in the downstream side of 
said throttle valve (15), 

an air passage (35) for connecting said air inlet 
(36) and said fuel-air mixture chamber (80), 
a fuel injection valve (1 9) for supplying injected 20 
fuel to said fuel-air mixture chamber (80), 
a rectifying member (40) provided on the exit of 
said air passage (35) to give a force to make a 
swirling airflow in said fuel-air mixture chamber 
(80) when the air flows from said air passage 25 
(35) to said fuel-air mixture chamber (80), and 
a heater (50) in the inner wall of said fuel-air 
mixture chamber (80) to heat at least one part 
of a swirling mixture in said fuel-air mixture 
chamber (80). 30 



3. A fuel-heating type fuel injection apparatus used for 
an internal combustion engine (1), said fuel injec- 
tion apparatus comprising: 

35 

an air inlet (36) in the inner wall of an intake 
passage (34) in the upstream side of a throttle 
valve (1 5) when said throttle valve (1 5) is locat- 
ed on the idle opening position, 
a fuel-air mixture chamber (80) which meets an 40 
intake passage (34) in the downstream side of 
said throttle valve (15), 

a fuel injection valve (19) which supplies inject- 
ed fuel to said fuel-air mixture chamber (80), 
an air swirling element (40) to give a force to *s 
make a swirling airflow in said fuel-air mixture 
chamber (80) when the airflows into said fuel- 
air mixture chamber (80), 
a heater (50) in the inner wall of said fuel-air 
mixture chamber (80) to heat at least one part so 
of a swirling mixture in said fuel-air mixture 
chamber (80), and 

a plurality of fuel-air mixture passages that con- 
nect said fuel-air mixture chamber (80) and the 
inlet port (1 4) of each cylinder of an engine (1 ). 55 

4. A fuel-heating type fuel injection apparatus used for 
an internal combustion engine (1), said fuel injec- 



tion apparatus comprising: 

an air inlet (36) which opens in the upstream of 
a throttle valve (15) when said throttle valve 
(15) is located on the idle opening position, 
a mixing space, in the downstream side of said 
throttle valve (15) or on the way to there, for 
mixing fuel with airflow supplied from said air 
inlet (36) and heating the air-fuel mixture with 
a heater (50), 

wherein the opening of said air inlet (36) is 
controlled by a motor (1 0M) which drives said throt- 
tle valve (15). 

5. An internal combustion engine equipped with a fuel- 
heating type fuel injection apparatus : 

said engine comprising: 

an air inlet (36) in the inner wall of an intake 
passage (34) in the upstream side of a throttle 
valve (15) when said throttle valve (1 5) is locat- 
ed on the idle opening position, 
a fuel-air mixture chamber (80) which meets 
said intake passage (34) in the downstream 
side of said throttle valve (15), 
a fuel injection valve (19) which supplies inject- 
ed fuel to said fuel-air mixture chamber (80), 
an air swirling element (40) to give a force to 
make a swirling airflow in said fuel-air mixture 
chamber (80) when the air flows into said fuel- 
air mixture chamber (80), 
a heater (50) in the inner wall of said fuel-air 
mixture chamber (80) to heat at least one part 
of the swirling mixture in said fuel-air mixture 
chamber (80), 

a plurality of fuel-air mixture passages that con- 
nect said fuel-air mixture chamber (80) and the 
inlet port (14) of each cylinder of an engine (1), 
and 

another fuel injection valve (19) which is differ- 
ent from said fuel injection valve (1 8) in each of 
the intake ports or cylinders. 

6. A fuel-heating type fuel Injection apparatus used for 
an internal combustion engine (1), said fuel injec- 
tion apparatus comprising: 

a main intake passage (34) for supplying air into 
cylinders of an internal combustion engine (1), 
a body (10) having a throttle valve (15) in said 
main passage (34), 

a fuel injection valve (19) for injecting fuel into 
said main passage (34), 

a vaporizing means (80, 40, 50) on said main 
passage (34) to vaporize the injected fuel, and 
an air passage (35) which is provided to flow 
air from the upstream side to the downstream 



10 



19 



EP1 365 140 A2 



side of said throttle valve (1 5) within a flow rate 
controlled by said throttle valve (15), 

wherein the air flowing through said air pas- 
sage (35) is introduced into said main intake pas- 5 
sage (34) and mixed with the injected fuel there. 

7. A fuel-heating type fuel injection apparatus used for 
an internal combustion engine (1), said fuel injec- 
tion apparatus comprising: io 

at least one of primary fuel injection valve (18) 
for injecting fuel into each cylinderof an internal 
combustion engine (1), 

amain intake passage (34) for supplying air into *5 
each cylinder, 

a body (10) containing a throttle valve (15) in 
said main passage (34) to regulate airflow rate, 
a bypass passage (35) for connecting said 
main passage (34) in the upstream side and of 20 
said throttle valve (15) and said main passage 
in the downstream side of it (15), 
a secondary fuel injection valve (19) for inject- 
ing fuel into said bypass passage (35), and 
a vaporizing means (80, 40, 50) provided to va- 25 
porize the injected fuel in said bypass passage 
(35), 

wherein said bypass passage (35) is formed 
as an internal passage of said body (10), and a 30 
swirling element (40) is provided in said bypass 
passage (35) to give a swirling force to the air flow- 
ing through said bypass passage (35). 
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(57) The present invention relates to a fuel-heating 
type fuel injection apparatus, at the startup of the engine 
(1), able to prevent fuel-attaching on the wall of the in- 
take passage (34) and eliminate hydro carbons in the 
exhaust. 

A fuel-heating type fuel injection apparatus has a 
main intake passage (34) for supplying air into cylinders 



of the internal combustion engine (1 ). The main passage 
(34) is equipped with a throttle valve (15) and a bypass 
passage (35) for bypassing the throttle valve (15). On 
idling operation, when the intake air flows through the 
bypass passage (35), the airflow rate is controlled by 
using the throttle valve (15), and the airflow is given a 
swirling force. The swirling airflow is heated mixing with 
fuel and fed into an internal combustion engine (1). 
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